The pure rotational spectra of [ 18 From more than 100 R-branch transitions for each isotopomer a set of rotational and centrifugal distortion constants could be derived using the Watson S-reduction formalism. The values obtained for the rotational constants B and C agree very well with results of former investigations. The agreement is worse with respect to the A constants, but our newly determined A values agree well with the corresponding values of the main species and the 17 O isotopomer.
Introduction
The microwave and millimeter-wave spectra of ketene, in several isotopic forms, have been the subjects of a large number of studies.
The first measurement of the rotational spectrum of ketene was reported in 1950 [1] . Since that time, this molecule has received considerable attention from microwave, millimeter-wave, and infrared spectroscopists, and many studies dealt with more than only one isotopomer as can be seen in Table 1 .
The papers [10, 17] contain recent reviews summarizing much of the work, but new measurements continue to be made. The spectrum, particularly that of the most abundant isotopic species in its excited vibrational states, has been subject to increasingly refined analyses.
In 1994, for example, effective rotational constants for the three lowest vibrational states have been published [18] , followed 1996 by measurements of the dipole moments of the same states for ketene and [D 2 ]ketene [19] .
In 1999 and 2000, infrared analyses have been worked out, taking into account different Coriolis interactions among excited vibrational states [20, 21] , and two years ago we published the first rotational analysis of [ 17 O]ketene [22] . The present paper deals with millimeter-wave spectra of the species H 2 13 C=CO, H 2 C= 13 CO, and H 2 C=C 18 O.
Even though some transitions of these isotopomers have been reported earlier [15] , the observed spectra were not extensive enough to supply a value for the rotational constant A of the three isotopomers in agreement with the values obtained for the main species [16] and for the 17 O isotopomer [22] . 
Experimental
Ketene was prepared by vacuum pyrolysis of acetic anhydride at 850 • C:
. After intermediate trapping of the by-product acetic acid in a dry ice cold trap, the ketene was collected in a trap held at liquid nitrogen temperature.
In spite of the fact that the natural abundances of the 18 O and 13 C are only 0.2 and 1.1%, respectively, all measurements have been performed without isotopic enrichment during the search for and the measurement of the even weaker lines of the 17 O isotopomer [22] .
The millimeter-wave spectra were recorded using a PC-controlled spectrometer operating in the source modulation mode. The radiation was obtained either directly from a BWO (Backward Wave Oscillator: Istok OB 30) or from a Ku-or K-band BWO (hp 8695A or hp 8696A) combined with an active frequency multiplier (hp 83556A or hp 83558A).
The free-space absorption cell consisted of a 10-cmdiameter glass tube, 4.20 m in length and capped at the ends with Teflon collimating lenses. Low-noise detection was achieved by use of a liquid-helium cooled InSb bolometer ("Putley detector").
Measurements in the frequency range 200 -350 GHz were carried out at room temperature (28 • C) and a pressure of about 1 -3 Pa. Because of the weak intensity of the absorption lines, and taking into account that several lines are disturbed by other strong lines of the ground state or excited vibrational states, we estimate the accuracy of the frequency measurements to be ± 20 kHz.
Results of the Rotational Analysis
The reported rotational lines of the three isotopomers (H 2 C=C 18 O, H 2 C= 13 CO and H 2 13 C=CO) have been identified during the search and the assignment of the rotational spectrum of the 17 O isotopomer [22] .
K a = 3 doublets at high frequencies were of great help for a correct identification of the lines. Other lines with odd K a values and finally those with even K a values (due to spin statistics the former are three times stronger than the latter) have been added. Through successive fits, performed by use of Watson's S-reduced Hamiltonian [24] in the I r representation (with an asymmetry parameter of κ = −0.997 ketene is very near to the prolate top limit), several lines up to K a = 7 could be identified. They were found within intervals of some 20 kHz with respect to the frequencies calculated using constants given in [15] .
For higher K a values, increasing deviations from the predicted frequencies occured. This discrepancy, the The standard deviation of the complete fit on 142 transitions is 42 kHz. A complete list of transitions is available under TNA 40 at the Library of the University Kiel or at mb@tf.uni-kiel.de.
need of octic parameters in the fit [25] , and the anomalously large value of some centrifugal distortion parameters (cf . Table 2 ) indicate that the ground state rotational levels are perturbed by the lowest excited vibrational states through a centrifugal distortion resonance in high K a levels. A theoretical investigation of this effect has been done by Urban and Yamada [23] , and it should be pointed out that the most recent investigation of the main isotopomer [16] revealed the same phenomenon. Thus only lines up to K a = 7 were included in the fit, resulting in the molecular parameters of The parameters of the isotopomers HDC=CO and D 2 C=CO reported in Table 3 were refitted with the Watson S-reduced formalism using the original data of [7] . To this aim, we fixed the constant D K to the value of ∆ K (published in [14] for D 2 C=CO and in [11] for HDC=CO), knowing that the difference between D K and ∆ K is negligible [26] . For H JJJ and H KKK , the values for D 2 C=CO obtained in [17] by an ab initio treatment have been applied, while for DHC=CO a mean value of the two isotopomers H 2 C=CO and D 2 C=CO has been used.
Conclusions
The derived rotational and centrifugal distortion constants, given in Table 2 , represent a significant improvement in accuracy compared to previously published values, particularly in the case of the A constant. In fact, this constant has now been proven to have practically the same value for all the investigated isotopomers (within the respective uncertainty) which is perfectly consistent with the molecular geometry. The constants can be considered reliable, in spite of the necessity to fix some parameters in the fits and to limit them to lines with K a ≤ 7.
